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Context: Guidelines advise lifelong radiological followup for asymptomatic pituitary adenomas
(PITs) because of the risk for growth and subsequent visual field defects. In the context of multiple
endocrine neoplasia type 1 (MEN1) an even more comprehensive screening is advised because PITs
are presumed to manifest more aggressive behavior. We studied the long-term course of MEN1-
related PITs, which may be used as a model for sporadically occurring PITs.

Objective: The aim of our study is to assess the results of systematic pre-symptomatic PIT screening
and subsequent long-term followup of PITs with emphasis on nonfunctioning microadenomas
diagnosed by screening.

Patients and Methods: A cohort study was performed using the Dutch national MEN1 database,
including greater than 90% of the Dutch MEN1 population older than 16 years (n � 323).

Main Outcome Measures: Screening results, natural course, and effects of treatment of PIT were assessed.

Results: PIT was diagnosed in 123 patients with MEN1 (38.1 %), of whom 66 were diagnosed by
MEN1-related screening. Ninety-one percent of the nonfunctioning PIT detected during screening
(n � 35), did not require intervention during followup (median, 6.0 y). Three microadenomas
showed limited growth but did not progress toward macroadenomas. Both screening-detected
and prevalent prolactinomas (n � 52) responded well to treatment with dopamine agonists.

Conclusion: Systematic presymptomatic screening for PIT in patients with MEN1 predominantly
results in detection of nonfunctioning microadenomas. Prolactinoma in patients with MEN1 re-
sponded well to medical treatment. Microadenomas grew only occasionally and after many years
without clinical consequences. Frequent magnetic resonance imaging followup of nonfunctioning
microadenomas in the context of MEN1 and sporadically occurring PITs therefore seems debatable.
(J Clin Endocrinol Metab 100: 3288–3296, 2015)
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Pituitary tumors (PITs) are among the three character-
istic neoplasms associated with the genetic disease

Multiple Endocrine Neoplasia type 1 (MEN1) (1). Al-
though PITs are relatively benign tumors, they can cause
significant morbidity. Clinical symptoms depend on the
type and presence of hormonal hypersecretion, the pres-
ence of hypopituitarism, and the size of the PIT. Pituitary
macroadenoma (� 10 mm) can cause ophthalmologic
symptoms, especially visual impairment because of com-
pression of the optic chiasm.

Management of PIT has significantly improved in the
past decades, but a few important questions on the man-
agement of PIT both outside and within the context of
MEN1 remain unanswered (1–4). MEN1-associated PITs
are generally considered to be more aggressive than spo-
radic PITs, and more often unresponsive to medical treat-
ment (especially in prolactinomas) necessitating earlier
surgery (1, 5–7). For this reason relatively frequent screen-
ing for PITs in patients with MEN1 was introduced in
2001 (1, 8). To date, it is unclear whether this frequent
screening results in earlier detection of PIT with conse-
quent improved patient outcomes in the long-term.

In the general population, asymptomatic nonfunction-
ing PITs are often diagnosed as an incidental finding be-
cause of improved imaging techniques and increasing use
of magnetic resonance imaging (MRI) for various reasons
(2, 9). The clinical significance of such incidentalomas is
still uncertain. The current clinical practice guideline for
pituitary incidentalomas advises lifelong radiological fol-
lowup (2). However, only limited long-term follow-up
data are available for microadenomas (10).

Therefore, in the present study we evaluated the diag-
nosis, treatment, and long-term course of PITs in a large,
unselected, nationwide cohort of patients with MEN1.
We assessed the yield of screening, natural course, and the
effects of the treatment of PITs in the course of the struc-
tured long-term followup of patients with MEN1. In ad-
dition, within the subgroup of asymptomatic patients with
nonfunctioning PITs detected by screening, we assessed
tumor growth and complications of growth during long-
term followup. Because of the standardized presymptom-
atic screening protocol and followup of PITs in MEN1,
these results can be used as a model for the natural course
of pituitary incidentalomas in the general population.

Materials and Methods

Study design
Patients were selected from the DutchMEN1 Study Group

(DMSG) database. This database includes more than 90% of the
total Dutch MEN1 diagnosed population according to the re-
cently updated clinical practice guidelines, age 16 years and

older, and treated at one of the eight Dutch University Medical
Centers (UMCs) (1, 11). Data of all identified patients (eg, lab-
oratory and pathology results and radiological imaging) were
collected from every quarter of every available year of followup
during the period of 1990–2011. Patients diagnosed with PIT
were further followed until 2014. Further details on the DMSG
database methods have been described previously (12). The
Medical Ethical Committees of all UMCs in The Netherlands
approved the study protocol.

Disease definitions
Reference standard for the diagnosis of PIT was 1) pathology

and/or 2) radiological examination compatible with the presence
of PIT. PIT diagnosed on MRI had to be confirmed at least once
by consecutive imaging or by elevated hormonal levels (� 2 SDs
of reference values) reflecting hormonal hypersecretion. Pitu-
itary adenomas were classified as micro- (tumor diameter � 10
mm), or macroadenoma (� 10 mm) (13). Subclassification into
hypersecreting and nonfunctioning (nonsecreting) PIT was
based on laboratory test results. Classification of the different
types of hypersecreting PIT (prolactinoma, somatotroph ade-
noma, corticotroph adenoma, gonadotroph adenoma and cose-
creting PIT) was based on current recommendations and guide-
lines (3, 4, 14–16). PIT and hyperprolactinemia restricted to a
period of pregnancy or antipsychotics use were classified as non-
functioning (17).

In accordance to the current practice guidelines, we measured
prolactin and IGF-I for PIT screening. Laboratory tests used to
assess PIT classification included TSH and free T4, dexametha-
sone suppression test, cortisol, ACTH) LH/FSH, estradiol, and
T. Background information on laboratory methods and charac-
teristics of the different assays used across participating centers
can be found in the Supplemental Appendix.

Outcome measures
The incidence rate of PIT in patients with MEN1 was assessed

for the periods before (1990–2001) and after (2001–2011)
screening was performed according to the guidelines published in
2001 (1). Genotype-phenotype correlations were investigated by
comparing patients in whom no mutation of the MEN1 gene
could be identified (MEN1 mutation–negative patients) to pa-
tients with nonsense or frameshift mutations in exons 2, 9, or 10,
or to patients with other MEN1 gene mutations. A diagnosis of
MEN1 based on clinical criteria without a MEN1 gene mutation
may be confounded by the occurrence of phenocopies, and those
patients may present with a different disease course (1). Previous
studies have demonstrated that nonsense or frameshift muta-
tions in exons 2, 9, or 10 (the N- and C-terminal regions of the
MEN1 gene) are associated with more aggressive pancreatic neu-
roendocrine tumors (18). We therefore assessed whether age-
related penetrance, type of hormone hypersecretion, followup,
and treatment are different between these genotypes.

The primary outcome measure for nonfunctioning PITs was
size increase of untreated PITs on follow-up MRI. The primary
outcome measure for hormone-hypersecreting PITs was control
of excess hormonal secretion after treatment and the secondary
outcome was size increase of PITs on follow-up MRI. Treatment
modalities were categorized by medical treatment, surgery, and
radiotherapy. Combination treatment was defined as the simul-
taneous use of two or more treatment modalities. Multimodal
treatment was defined as the concomitant use of other treatment
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modalities after a failure to achieve hormonal control within 1
year of initial treatment.

Furthermore, we assessed the histopathological results of op-
erated MEN1-associated PITs. Pathological results were classi-
fied according to the 2004 World Health Organization classifi-
cation (17). Effect of sex, age, at MEN1 diagnosis, age at PIT
diagnosis, period of PIT diagnosis (before or after 2001), and
type of mutation (according to Human Genome Variation So-
ciety nomenclature) on the prevalence of PIT were assessed. We
performed a subgroup analysis of patients with a nonfunctioning
PIT who were asymptomatically diagnosed within the screening
protocol. In this subgroup we assessed treatment and size in-
crease on follow-up MRI in untreated cases.

Statistical analysis
Clinical characteristics were expressed as means with stan-

dard deviations or medians with ranges when appropriate. In-
dependent sample t test or Mann-Whitney U test were used to
analyze continuous variables. Dichotomous variables were com-
pared with Fisher exact test or �2 test. Incidence rate was calcu-
lated as a person-time incidence rate for the two timeframes with
95% confidence interval (CI). Age-related penetrance was as-
sessed using a competing risk model analysis accounting for
death. Statistical significance was set at P � .05 All analyses were
conducted using SPSS version 20.0 (IBM) and R version 2.9.2 (R
Development Core Team).

Results

General characteristics and PIT diagnosis
A total of 323 patients with MEN1 were included. All

patients were genetically tested. A nonsense or frameshift
mutation in exons 2, 9, or 10 was detected in 110 patients,

other MEN1 mutations were found in 183 patients, and
30 patients were MEN1-mutation negative. Coincidence
of hyperparathyroidism was higher in patients with PIT
compared with patients without PIT (91.9 vs 75.9%; P �
.001) In addition, MEN1 mutation–negative patients had
a PIT diagnosed more often. There were no further base-
line differences in patients with or without PIT (Table 1).
Radiological pituitary screening by MRI was performed in
281 of the 323 MEN1 (87.0%) patients. Prolactin and IGF-I
levels were assessed in 96.6 and 92.2% of patients, respec-
tively. Laboratory values assessed for characterizing the na-
ture of PIT were TSH and free T4 in 95.1%, dexamethasone
suppression test in 81.3%, cortisol in 90.2%, ACTH in
61.8%, and LH/FSH in 78.0% of patients with PIT. Estra-
diol was assessed in 61.5% of female patients with PIT and
T in 95.6% of male patients with PIT.

PIT was diagnosed in 123 patients (38.1%); 71 were
hypersecreting adenomas, and 52 nonfunctioning adeno-
mas. In 57 cases (46.3%) PIT was diagnosed prior to the
diagnosis of MEN1, 36 of whom, the PIT was the first
clinical manifestation of MEN1. In 66 cases, PIT was di-
agnosed by screening asymptomatic patients. Screening
revealed less hypersecreting PITs compared with PITs not
detected by screening (47.0% vs 70.2%, P � .009). PITs
diagnosed before MEN1 diagnosis were more often mac-
roadenomas compared with screening-detected PITs (81.2
vs 46.3%; P � .001). Main characteristics of the PITs
analyzed in this study are shown in Table 2.

The incidence rates of PIT were 34.0 (95% CI [CI],
20.5–53.1) and 34.6 (95% CI, 25.4–46.0) per 1000 pa-

Table 1. Baseline Demographic and MEN1-Related Characteristics Compared Between Patients With and Without
Pituitary Tumors

With PITb (n � 123) No PITb (n � 200) P Value

Sex
Male 45 (36.6) 90 (45.0)
Female 78 (63.4) 110 (55.0) .163

Age at MEN1 diagnosis 36.8 � 15.2 38.6 � 16.2 .324
Age at first MEN1-related manifestation 33.5 � 13.6 36.2 � 14.1 .100
MEN1 mutation

None identified 21 (17.0) 9 (4.5)
Nonsense or frameshift mutation in exon 2, 9, or 10 41 (33.3) 69 (34.5)
Other mutation 61 (49.6) 122 (61.0) .005

MEN1 manifestationsa

Hyperparathyroidism 113 (91.9) 151 (75.9) .001
Pancreatic- and duodenal NET 65 (62.5) 98 (51.6) .086

Other MEN1-associated tumorsa

Adrenal tumor 32 (30.8) 62 (33.2) .697
Gastric NET 6 (14.5) 5 (6.7) .193
Lung NET 12 (16.9) 30 (25.6) .207
Thymic NET 6 (8.1) 5 (4.1) .338

Abbreviation: NET, neuro-endocrine tumor.

Data are either mean � SD or n (%).
a As percentage of patients screened for this manifestation.
b Pituitary tumor.
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tient years between 1990 and 2001, and 2001 to 2011,
respectively. In 20 of the 66 screening-detected cases
(30.3%), PIT was diagnosed at the first MRI performed as
part of screening in the followup of MEN1, and no pre-
vious MRI was available. In the other 46 cases, previous
MRIs were negative for PIT, and median time between the
diagnosis of MEN1 and the identification of PIT was 5.5
years (range, 1.3–33.8 y).

Age-related penetrance of PIT is shown in Figure 1.
Age-related penetrance was comparable in MEN1 muta-
tion–negative patients; patients with nonsense or frame-
shift mutations in exons 2, 9, or 10; and other mutations
(Supplemental Appendix). There were no significant dif-
ferences in type of hypersecretion, size at diagnosis, treat-
ment, or response to treatment between patients with non-
sense or frameshift mutations in exons 2, 9, or 10, or other
mutations. In a total of 21 patients with PIT (17.0%), no
MEN1 mutation was found. Most MEN1 mutation–neg-
ative patients was symptomatic, requiring direct treat-
ment in 18 patients (85.7%) of whom 14 (66.7%) were

treated by pituitary surgery. Size at PIT diagnosis in
MEN1 mutation–negative patients was significantly
larger (30.9 � 16.1 mm) compared with cases with a
MEN1 mutation (8.9 � 0.7). However, response to treat-
ment in MEN1 mutation–negative patients was compa-
rable with the mutation-positive patients; residual growth
on follow-up MRI was found in only one MEN1 muta-
tion–negative patient (Supplemental Appendix).

There were eleven pediatric cases of PIT (four hyper-
secreting, seven nonfunctioning microadenomas); all pa-
tients were 15 years old or older at time of PIT diagnosis.
The hypersecreting PITs were initially medically treated;
two were additionally treated by surgery: one prolacti-
noma after growth and the corticotroph adenoma because
of persistent hypersecretion. The seven pediatric nonfunc-
tioning microadenomas all had a stable size at followup
MRI, which was performed after a median followup of 5.5
years (range, 3.3–25.3 y).

Nonfunctioning PIT
Of the 52 patients with a nonfunctioning PIT, 39 pre-

sented with a microadenoma and 13 with a macroad-
enoma (Figure 2). Seven macroadenomas (53.9%) were
treated surgically at time of PIT diagnosis, followed by
radiotherapy in one patient. At follow-up MRI, no tumor
regrowth was found in the six patients who did not un-
dergo radiotherapy (median follow up, 5.5 y; range, 1-
26.8 y). In initially untreated nonfunctioning PITs, no new
clinical symptoms related to PIT were seen in 43/45
(95.6%) (median followup, 5.5 y; range, 3–32.3 y). One
patient with a macroadenoma was operated transsphe-
noidally after having developed an apoplexia. Another
patient developed mild hyperprolactinemia by pituitary
stalk compression; this condition was well controlled with
a dopamine agonist. In the remaining 43 untreated pa-
tients, stable tumor size in 40 patients (93.0%) after a
median follow up of 6.0 years was observed. Three mi-
croadenomas showed tumor growth at radiological fol-

Figure 1. Age-related penetrance of pituitary tumors in patients with
MEN1.

Table 2. Clinical Characteristics of Patients With PIT

Type of

Pituitary

Tumor Number

Sex Size at Diagnosis Age at

Diagnosis,

y (SD)

Pituitary Tumor Diagnosis

Pituitary Tumor Diagnosis

Female Male Microadenoma Macroadenoma Unknown

Prior to MEN1

Diagnosis

During

Followup < 1990 1990–2001 2001–2010

Prolactinoma 52 38 14 30 20 2 34 (12) 27 25 8 26 18
Somatotroph

adenoma

8 6 2 2 6 n/a 51 (10) 7 1 2 2 4

Corticotroph

adenoma

4 0 4 4 0 n/a 34 (14) 1 3 0 2 2

Gonadotroph

adenoma

2 2 0 1 1 n/a 46 (8) 2 0 0 2 0

Co-secreting 5 4 1 5 n/a n/a 32 (7) 3 2 0 4 1
Nonfunctioning 52 28 24 39 13 n/a 42 (17) 17 35 3 7 42

Abbreviation: n/a, not applicable.
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lowup without clinical consequences and none progressed
to a macroadenoma. In one patient PIT growth was found
10 years after initial diagnosis at the sixth repeat MRI.
Growth of PIT over time is described in Supplemental
Table 2.

Nonfunctioning PIT detected by screening
The size of the 35 nonfunctioning screening-detected

PITs was smaller compared with prevalent cases 6.7 � 4.8
vs 16.0 � 10.8 mm, respectively (P � .001). There were
four macroadenomas (11.4%). Two of these macroad-
enomas required treatment, as described above. Of the 31
microadenomas only one patient was medically treated
after developing mild hyperprolactinemia by pituitary
stalk compression. After a median followup of 5.3 years
(range, 3–18.7 y), minimal tumor growth (median change
in size, 2.0 mm; range, 1.5–2 mm) was detected in three
patients (9.7%) at follow-up MRI, without clinical con-
sequences and none of these microadenomas progressed to
a macroadenoma.

Hypersecreting PIT
The vast majority of hypersecreting PITs were prolacti-

nomas (52 of 71; 73.2%). Treatment and outcomes of the
52 prolactinomas is shown in Figure 3. Thirty-four pa-

tients were treated upon diagnosis;
30 patients were given medication
and four were treated by the combi-
nation of medication and surgery.
All surgeries for prolactinomas were
performed before 1990 (range,
1978 –1986). In 31 of the 34 imme-
diately-treated patients (91.2%)
hormonal control was achieved
during followup (median, 13.8 y;
range, 2.5–32 y). Three patients had
persistent hyperprolactinemia. In
one patient the prolactinoma in-
creased in size despite dopamine ag-

onist therapy; however, no surgical intervention was
necessary.

Of 18 initially untreated prolactinomas, nine devel-
oped symptoms for which dopamine agonists were started
after a median of 6.0 years (range, 1–16.3 y), resulting in
hormonal control in eight patients. One patient had per-
sistent hypersecretion; this same patient also had limited
growth before start of medical treatment. Tumor size was
stable after treatment was started. The nine other patients
(50.0%) remained untreated during a median followup of
16.3 years (range, 3–22.3 y); seven of those patients had an
asymptomatic microadenoma. One patient had an in-
crease of size on follow-up MRI from 11 to 37 mm, 11
years after diagnosis without clinical consequences after a
total followup of 22 years.

Twenty-five prolactinomas were diagnosed by screen-
ing, of which 11 (44.0%) were directly treated compared
with four of the 27 cases diagnosed before MEN1 diag-
nosis (prevalent cases) (P � .008). Difference in size at
diagnosis between screening-detected and prevalent cases
was not significant 9.7 � 7.6 vs 12.5 � 6.0 mm respec-
tively (P � .221). Nine patients (36%) diagnosed by
screening remained untreated during a median followup
of 12.8 years (range, 3–22.3 y), whereas treatment was

started in all prevalent cases during
followup (P � .001). Three patients
(12.0%) with a prolactinoma diag-
nosed during screening had persis-
tent hypersecretion after start of dopa-
mine agonist but none underwent
surgery. In theprevalentprolactinoma
group, hormone levels normalized in
all patients, but four patients diag-
nosed before 1990 underwent surgery
as part of primary treatment.

In the eight patients with soma-
totroph adenomas, hormonal con-
trol was achieved with multimodal
therapy (n � 2), combination ther-

Figure 2. Flowchart of treatment and outcomes for nonfunctioning pituitary tumors.

Figure 3. Flowchart of treatment and outcomes for prolactinoma.
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apy (n � 5), and medical treatment only (n � 1). The PIT
size was stable in the six patients where follow-up MRI
was available after a median followup of 13.3 years
(range, 4.0–30.8 y). Interventions (medical and surgical)
and followup of all secreting PITs are described in the
Supplemental Appendix. The one FSH-secreting PIT for
which no intervention was deemed necessary showed tu-
mor growth from 3 to 11 mm; however, clinical conse-
quences were not observed.

Pathology results
Table 3 shows the clinical and pathological character-

istics of the 23 surgically treated PIT patients. One of the
PITs was characterized by at least 3% Ki-67-positive nu-
clei. Only one of the operated patients had a grade 2b PIT.

Discussion

In this nationwide MEN1 cohort study the prevalence of
PIT was 38%, with approximately two thirds of them
being microadenomas. Incidence of PIT in our screening
program for patients with MEN1 is 34 per 1000 patient
years. Pituitary tumors detected by screening were pre-
dominantly nonfunctioning microadenomas that did not

require treatment. Nonfunctioning PITs were stable in size
over time, and initially untreated patients with a nonfunc-
tioning PIT rarely developed symptoms requiring treat-
ment at long-term followup. Response to medical treat-
ment of prolactinomas was good, with a response rate of
more than 90%.

Strengths and limitations
In this study, prevalence and survival of PIT was ana-

lyzed in a national cohort of patients with MEN1. This
study includes followup until 2014, and is the first MEN1
cohort evaluating the results of the implementation of sys-
tematic presymptomatic screening as recommended by in-
ternational consensus guidelines (8, 19). For the Dutch
MEN1 cohort, we included � 90% of the total Dutch
MEN1 patient population, and this database therefore
reflects a population-based cohort.

A few limitations should be discussed. MRI has approx-
imately 90% sensitivity and a similar specificity for secreting
PIT (6). Diagnostic accuracy for detecting nonfunction-
ing microadenoma; however, is less established. To
minimalize false-positive MRI results the natural his-
tory of the microadenomas should be taken into ac-
count. We used consecutive imaging as a reference
standard.

Table 3. Pathology Results of Pituitary Tumors

Number Sex

Type of Pituitary

Tumor Genetic Mutation

Age at

Diagnosis, y

PA

Atypic

PA

Necrosis MIB1/M

WH

Classification Grade

1 Female Nonfunctioning Exon 2, in-frame deletion

c.358_360del (p.Lys120del)

29 N N MIB1 2–3% A, E, II 2b

2 Female Nonfunctioning N 29 N N M1B1 � 1%; M � 0 C, III 2a
3 Male Nonfunctioning Exon 9, nonsense mutation

c.1258C�T (p.Arg420X)

42 N Y MIB1 � 3% (low

proliferation index)

0, E, II 2a

4 Female Nonfunctioning N 60 N N MIB1 1% 0, E, II 2a
5 Male Nonfunctioning Exon 2, in-frame deletion

c.358_360del (p.Lys120del)

61 N N MIB1 � 1% A, E, II 2a

6 Male Nonfunctioning N 61 N N MIB1 � 1% 0, E, II 2a
7 Male Nonfunctioning N 63 N N MIB1 2%; M � 0 0, II 1a
8 Female Nonfunctioning N 73 N N MIB1 1%; M � 0 A, IV 2a
9 Female Prolactinoma Exon 2, in-frame deletion

c.358_360del (p.Lys120del)

17 ND ND ND ND ND

10 Female Prolactinoma N 39 N N M � 0 0, I 1a
11 Female Prolactinoma N 48 N N MIB1 � 1%; M � 1 A, II 1a
12 Male Prolactinoma Exon 2, in-frame deletion

c.358_360del (p.Lys120del)

50 N N ND ND Proliferation

ND, noninvasive
13 Male Somatotroph adenoma Intron 3, splice mutation

670 � 6 C�G (p.?)

37 Y N M � 3 ND Proliferative,

invasion ND
14 Female Somatotroph adenoma N 54 N N MIB1 2%; M � 0 A, II 1a
15 Female Somatotroph adenoma N 54 N N MIB1 � 0; M � 0 E, II 2a
16 Female Somatotroph adenoma N 55 N N MIB1 � 0; M � 0 0, I 1a
17 Female Somatotroph adenoma N 61 N N MIB1 � 1% 0, II 1a
18 Female Somatotroph adenoma N 63 N N MIB1 � 1% 0, II 1a
19 Male Corticotroph adenoma Exon 2, frameshift mutation

c.207dup (p.Asp70fs)

15 N ND MIB1 2–3%; M � 1 0, I 1b

20 Male Somatotroph adenoma N 46 N N MIB1 � 1%; M �10 0, E, II 2a
21 Male Corticotroph adenoma N 48 N ND M � 0 0, I 1a
22 Male Corticotroph adenoma Deletie exon 1 t/m 3

c.-110-?_669�?del (p.?)

32 N N M � 0 0, I 1a

23 Female Gonadotroph adenoma Exon 10, missense

mutation (Ala541Thr)

40 N N MIB1 � 1%; M � 1 B, II 1a

Abbreviations: N, no, absent; ND, not determined; PA, pathology; Y, yes, present; MIB1, Ki-67 (formalin fixative); M, mitoses (per 10 hpf).
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The relationship between occurrence and clinical be-
havior of PIT and ethnicity could not be investigated in this
study because ethnicity was not registered. According to
the attending physicians, essentially all patients in our da-
tabase are Caucasian. In this study we explored the gen-
otype-phenotype relationship. In MEN1 mutation–nega-
tive patients PITs were more often macroadenomas and
more often required surgery compared with MEN1 mu-
tation–positive patients. Mutation-negative patients were
not in the followup and screening program for MEN1
before the pituitary tumor was diagnosed. Instead, those
patients presented with a symptomatic PIT as one of the
two MEN1- related manifestations resulting in a clinical
diagnosis of MEN1, explaining our results. The differ-
ences in presentation of PIT in mutation-negative patients
when compared with mutation positive patients further
underscores that MEN1 mutations are not associated with
more aggressive PIT progression compared with sporadic
disease.

Another limitation is the retrospective nature of this
study. For the analysis of tumor regrowth, we had to use
nonstandardized and nonblinded follow-up data. How-
ever, given that Dutch UMCs are national referral centers
for patients with pituitary tumors, MRIs were assessed by
senior radiologists experienced in assessing MRIs of the
pituitary gland. To determine the functionality of PITs we
used the outcomes of laboratory tests demonstrating ele-
vated hormone levels or abnormal outcomes of dynamic
tests. For the interpretation of the outcomes we used the
current recommendations and guidelines. This might have
led to an overestimation of the number of prolactinomas
in cases with a limited elevation of prolactin level. How-
ever, for the interpretation of prolactin levels, next to med-
ication and pregnancy, we took PIT size into account given
that prolactin levels can be elevated because of compres-
sion of the pituitary stalk caused by (macro-)adenomas.
The decision to treat a PIT was made at the discretion of
the attending senior endocrinologists. Most patients re-
sponded well to therapy, but numbers were too small to
compare between unimodal, combination, and multi-
modal treatment.

Comparison with other literature
Although the prevalence and age at diagnosis of PIT in

our study was comparable to that in earlier cohorts of
MEN1, there were marked differences in the size and types
(hypersecreting and nonfunctioning) of PIT (6, 7). Vergès
et al (6) reported a much higher proportion of macroad-
enomas (85%). The differences can largely be explained
by the inclusion of cases diagnosed by screening in our
cohort, whereas earlier studies relied on data from cases
not diagnosed through a screening protocol. Importantly,

our follow-up data show that cases diagnosed by screening
seldom progress into macroadenomas and most PITs in
our cohort responded well to treatment (20). The good
response to treatment does not seem attributable to de-
tecting the PIT at an earlier stage, given that there were no
apparent differences in size and response to treatment be-
tween the prolactinomas diagnosed by screening and prev-
alent cases. Surgery was only performed in cases before
1990. Probably the differences with previous studies are
caused by differences in the cohorts. In our cohort, more
than 90% of the total Dutch MEN1 population is included
given that in The Netherlands patients with MEN1 are
generally treated in the UMCs and all UMCs contribute to
our database.

Pituitary incidentalomas are a frequent finding on ce-
rebral MRIs in the general population. In a study of 100
healthy volunteers, 10 incidentalomas were detected on
MRI (21). In a systematic review, the prevalence of pitu-
itary adenomas on MRI was 22.3% (22). Despite the high
prevalence in the general population, there is marked pau-
city in follow-up data from nonfunctioning microadeno-
mas. The clinical significance of these incidentalomas is
still debated (23). With 66 newly diagnosed PITs on MRI,
of which 31 were nonfunctioning microadenomas, we
present one of the largest cohorts of pituitary incidenta-
lomas with long-term followup (2, 10). Furthermore, all
patients with nonfunctioning PITs diagnosed at screening
had followup MRIs as part of the structured MEN1 fol-
lowup protocol making this a good model to study the
natural course of incidentalomas. In our study we found
that microadenomas are generally very stable during long-
term followup. Growth of microadenomas can occasion-
ally happen many years after the initial diagnosis. In one
patient PIT growth was seen even 10 years after diagnosis.
However, PIT growth was limited in this patient and of no
clinical consequence.

In a cohort of 28 macroadenomas almost half showed
tumor growth, but only 20% developed visual field defects
and required surgical treatment after a mean followup of
7 years (24). Even less is known about the natural course
of microadenomas. Karavitaki et al (23) demonstrated
growth in 12.5% in a cohort including 16 microadenomas
after followup of 3.6 years, but none caused visual field
defects.

Clinical implications
PIT in patients with MEN1 seems to be much less ag-

gressive than previously suggested. The response to med-
ical treatment of prolactinomas was good. Nonfunction-
ing microadenomas can occasionally show limited growth
after many years of followup. However, this growth was
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without clinical consequences. Asymptomatic MEN1-re-
lated microadenomas did not require any additional mea-
sure or intervention beyond the regular followup of PIT
which occurs in the general population. Therefore, life-
long frequent radiological followup of incidentally diag-
nosed microadenomas in the general population and in the
MEN1 population seems debatable (2).

Conclusion

Screening for PITs in the course of systematic followup of
patients with MEN1 resulted mainly in the detection of
microadenomas with relatively indolent behavior.
Growth of nonfunctioning microadenomas was detected
occasionally after many years without clinical conse-
quences. In contrast with previous reports, prolactinomas
in MEN1 responded well to medical treatment. The treat-
ment and followup of MEN1-associated PIT should not be
different from sporadically occurring PIT. Based on the
relatively indolent behavior of PIT, lifelong frequent fol-
lowup with MRI of nonfunctioning microadenomas
seems debatable in the context of MEN1 but also for spo-
radically occurring PITs.
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